The compendium presented here is the immediate successor of the collection of large subunit (LSU; 23S-like) rRNA secondary structures compiled by Gutell and Fox [1] in 1988. As in [1], we present each LSU rRNA sequence in the form of a secondary structure, as it is this structure that is a fundamental aspect of the biological activity of the LSU rRNA molecule. As such, the secondary structure provides valuable information on phylogenetically conserved and variable regions, as well as data relating form to function. Often, especially when dealing with homologous LSU rRNAs that are very divergent in structure (e.g., mitochondrial LSU rRNAs), it is considerably easier to extract required information from comparisons of secondary structures than from comparisons of the corresponding primary sequences.
INTRODUCTION
The compendium presented here is the immediate successor of the collection of large subunit (LSU; 23S-like) rRNA secondary structures compiled by Gutell and Fox [1] in 1988. As in [1], we present each LSU rRNA sequence in the form of a secondary structure, as it is this structure that is a fundamental aspect of the biological activity of the LSU rRNA molecule. As such, the secondary structure provides valuable information on phylogenetically conserved and variable regions, as well as data relating form to function. Often, especially when dealing with homologous LSU rRNAs that are very divergent in structure (e.g., mitochondrial LSU rRNAs), it is considerably easier to extract required information from comparisons of secondary structures than from comparisons of the corresponding primary sequences.
As much as possible, we have attempted to configure all of these LSU rRNA secondary structures according to the E. coli 23S rRNA model, which may be regarded as the standard or prototype structure upon which the others are based. This format facilitates comparison of homologous structural features among the different LSU rRNAs. The current E. coli 23S rRNA secondary structure has been slightly revised from that in the previous compendium (see [2] ).
The database of LSU rRNA sequences has expanded rapidly over the last two years. The listing presented here includes 7 archaebacterial, 13 eubacterial, 16 eukaryotic cytoplasmic (nuclear-encoded), 8 plastid, and 27 mitochondrial LSU rRNA sequences. Newly modeled secondary structures not included in the previous compilation are indicated in the table.
The basic premise of the comparative method is that all LSU rRNA sequences fold into a similar secondary structure. Thus, the process of configuring each newly determined sequence according to the existing secondary structure model tests the validity of the latter model, and extends it when novel compensatory base changes are found. At this time, we are confident of the basic secondary structure that is common to all 23S (and 23S-like) rRNA sequences. However, there remain regions of some LSU rRNAs that have yet to be structured into helical arrays, or that have been structured by others on the basis of minimal comparative information. It is these structures that will be subject to further refinement as additional primary structures from select phylogenetic groupings are determined. We anticipate that the majority of such changes will occur in the existing eukaryotic cytoplasmic and mitochondrial LSU rRNA secondary structures, in regions of the rRNA that are common only to those phylogenetic groups, or to certain divisions therein.
The decision by the editors to change to electronic media presentation provides us with an opportunity to improve upon the previous LSU rRNA compilation. Starting with the current collection, the actual 23S rRNA secondary structures will not be published here. Instead, readers will find (i) a table of complete LSU rRNA sequences, grouped according to phylogenetic division and including GenBank/EMBL Accession Numbers, and (ii) a publication reference list for these sequences. The comprehensive set of LSU rRNA secondary structures may be obtained in one of two ways. Hardcopy printouts of this set will be available directly from us (inquiries should be directed to M.W.G. at the address listed at the end of this compendium). Individuals with access to the Internet telecommunications network and a laser printer capable of processing PostScriptTM files may elect to obtain such files of LSU rRNA secondary structures. These files will be available on the GenBank computer in the near future. Information concerning this on-line service should be directed to R.R.G. (E-mail and postal addresses as noted below).
As time and facilities permit, the rRNA information available from the on-line service will be increased. Initially we will include the complete set of LSU rRNA secondary structures (in PostScriptTM format), the table of LSU rRNA sequences, and the associated publication reference list. Refinements to existing secondary structures as well as newly modeled secondary structures will be available on-line as soon as we have completed our own analysis. At that time we will also update the associated table and reference list. Currently we include only those LSU rRNA sequences that are complete (or nearly so). However, we are in the process of incorporating partial sequences (that contain a significant proportion of the rRNA primary sequence) into our tabulation.
ACCURACY OF THE DATA
Where sequence ambiguity exists in a published sequence, we have specified such positions according to the nomenclature recommended by IUPAC (e.g., Y = pyrimidine ; R = purine; etc.). As noted in the table, independently determined versions of the same primary sequence exist for several LSU rRNAs. Usually, these alternative versions differ from each other at a number of positions, and at least some of these differences are likely to be the result of sequencing errors. Often, the secondary structure is very useful for deducing which version of the sequence is likely to be correct at a particular position. On the other hand, it is probable that some of the variation actually reflects genuine inter-or intrastrain sequence heterogeneity, particularly if the differences occur within variable regions [3] . We have also noted that a few published primary sequences differ at one or more positions from their GenBank/EMBL listings, witfiout an indication that the database entry represents a subsequently revised version of the original published sequence. Again, secondary structure modeling may or may not indicate which version is likely to be correct. In the hard copy and electronic versions of the secondary structure figures, we will provide brief annotation to indicate which version of the primary sequence has been used at discrepant positions.
We have included here a complete listing (including titles) of pertinent references to the LSU rRNA sequences listed in the table. In subsequent editions, only references to newly determined sequences or published revisions to existing sequences will be cited in this way. In compiling this list, we have proofed each of these citations against the original published paper. We note that the GenBank/EMBL database listing is occasionally inaccurate in this regard.
Finally, we invite further corrections from readers, and welcome suggested revisions/alternative interpretations to the proposed secondary structures, as well as suggestions for improvement of the content and/or form of the database. We hope that it will be possible, in due course, to expand the current database to include small subunit (SSU; 16S-like) rRNA secondary structures, as well as other types of rRNA structural information. In this regard, we would particularly like to solicit newly determined LSU and SSU rRNA sequences in advance of publication. As a result of the change to electronic format, new secondary structures will be able to be incorporated into the compilation as soon as they are published or we have permission to release them. 
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